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THE INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternati onal  Com miss i on  on  I l l um inati on  (CI E)  i s  an  organ i zati on  devoted  to  i n ternat i onal  co -operat ion  and  exchange  
o f  i n formati on  among  i ts  m ember coun tri es  on  al l  m atters  re lat i ng  to  the  art  and  science  of  l i gh t i ng .   I ts  mem bersh ip  
consi s ts  of  the  N ati onal  Commi ttees  i n  abou t  40  coun tri es.  

The  obj ectives  of  the  CI E  are:  
1 .  To  provi de  an  i n tern ati onal  foru m  for  the  d i scuss ion  of  al l  m atters  re lat i ng  to  the  sci ence,  technology and  art  i n  the  

f i e l ds  o f  l i gh t  and  l i gh t i ng  and  for the  i n terchange  o f  i n form at ion  i n  these  f i e l ds  between  coun tri es .  
2 .  To  develop  basi c  s tandards  and  procedures  of  metro logy i n  the  f i e l ds  of  l i gh t  and  l i gh t i ng .  
3 .  To  provide  gu i dance  i n  the  appl i cati on  o f  pri nci pl es  and  procedu res  i n  the  development  o f  i n ternat ional  and  nat i onal  

s tandards  i n  the  f i e l ds  o f  l i gh t  and  l i gh t i ng .  
4 .  To  prepare  and  publ i sh  s tandards ,  reports  and  o ther publ i cat i ons  concerned  wi th  al l  matters  re lat i ng  to  the  sci ence,  

technology and  art  i n  the  f i e l ds  of  l i gh t  and  l i gh t i ng .  
5 .  To  main tai n  l i a i son  and  techn ical  i n teracti o n  wi th  other i n ternati onal  organ i zat i ons  concerned  wi th  m atters  re lated  to  

the  science,  technology,  s tandard i zat i on  and  art  i n  the  f i e l ds  of  l i g h t  and  l i gh t i ng .  

The  work of  the  CI E  i s  carri ed  ou t  by  Techn ical  Comm i ttees ,  organ i zed  i n  seven  D iv i s ions.   Th i s  work covers  subj ects  
rang i ng  from  fundamental  m atters  to  al l  types  o f  l i g h t i ng  appl i cations.   The  s tandards  and  techn i cal  reports  developed  by 
these  i n ternat ional  D i vi s ions  of  the  CI E  are  accepted  th roughou t  the  world .  
A  p l enary sess ion  i s  he ld  every fou r  years  at  wh ich  the  work of  the  D iv i s i ons  and  Techn i cal  Commi ttees  i s  reported  and  
reviewed,  and  plans  are  made  for  the  fu tu re.   The  CI E  i s  recogn i zed  as  the  au thori ty  on  a l l  aspects  o f  l i gh t  and  l i gh t i ng .   
As  such  i t  occupies  an  important  pos i t i on  among  i n ternati onal  organ i zati ons.  
 
LA COMMISSION  INTERNATIONALE DE  L'ECLAIRAGE  

La Com miss i on  I n ternat i onale  de  l 'Eclai rage  (CI E)  est  une  organ isat i on  qu i  se  donne  pou r  bu t  l a  coopérat i on  
i n ternati onale  et  l 'échange  d ' i n fo rm ati ons  en tre  l es  Pays  m embres  su r  tou te s  l es  quest i ons  re lat ives  à  l 'art  et  à  l a  sci ence 
de  l 'éclai rage.   E l l e  est  composée  de  Com i tés  Nati onaux représen tan t  envi ron  40  pays.  

Les  obj ect i fs  de  l a  CI E  son t  :  
1 .  De  consti tuer  u n  cen tre  d 'étude  i n ternat i onal  pou r tou te  m at ière  re l evan t  de  l a  sci ence,  de  l a  techno log ie  et  de  l 'art  

de  l a  l um ière  et  de  l 'éclai rage  et  pou r l 'échange  en tre  pays  d ' i n formati ons  dans  ces  domaines.  
2 .  D 'é laborer des  norm es  et  des  méthodes  de  base  pou r l a  métro log ie  dans  l es  domaines  de  l a  l um ière  et  de  

l 'éclai rage.  
3 .  De  donner des  d i rect i ves  pou r  l 'appl i cat i on  des  pri ncipes  e t  des  méthodes  d 'é laborat ion  de  normes  i n ternat ionales  

et  nat i onales  dans  l es  dom aines  de  l a  l um ière  et  de  l 'éclai rage.  
4 .  De  préparer e t  publ i er  des  norm es,  rapports  et  au tres  textes ,  concernan t  tou tes  m ati ères  re l at ives  à  l a  sci ence,  l a 

technolog ie  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  l 'éclai rage.  
5 .  De  m ain ten i r  une  l i ai son  et  une  co l laborati on  techn i que  avec  l es  au tres  organ i sati ons  i n ternat ionales  concernées  

par  des  su j ets  re lat i fs  à  l a  sci ence,  l a  techno log ie,  l a  norm al i sat i on  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  
l 'éclai rage.  

Les  travaux de  l a  CI E  son t  e ffectués  par Com i tés  Techn iques,  organ i sés  en  sept  D iv i s i ons.   Les  su j ets  d 'études  
s 'étenden t  des  quest ions  fondamentales,  à  tous  l es  types  d 'ap pl i cat i ons  de  l 'éclai rage.   Les  normes  et  l es  rapports  
techn i ques  é laborés  par ces  D i v is ions  I n ternat i onales  de  l a  CI E  son t  reconnus  dans  l e  monde  en t ier.  
Tous  l es  quatre  ans,  une  Sess ion  p lén i ère  passe  en  revue  l e  t ravai l  des  D iv i s i ons  et  des  Com i tés  Tech n iques,  en  fai t  
rapport  et  établ i t  l es  pro j ets  de  travaux pou r l 'aven i r.   La  CI E  est  reconnue  comm e l a  p l us  hau te  au tori té  en  ce  qu i  
concerne  tous  l es  aspects  de  la  l um ière  et  de  l 'éclai rage.   E l l e  occupe  comm e te l l e  une  pos i t i on  im portan te  parm i  l es  
organ i sat ions  i n ternat i onales .  
 
DIE  INTERNATIONALE BELEUCHTUNGSKOMMISSION  

Die  I n ternat ional e  Beleuch tungskommiss i on  (CI E)  i s t  e i ne  Organ i sati on ,  d i e  s i ch  der  i n ternat ional en  Zusammenarbei t  und  
dem  Austausch  von  I n formati onen  zwi schen  i h ren  M i tg l i eds ländern  bezü g l i ch  der  Kunst  u nd  Wissenschaft  der  Li ch ttechn ik 
wi dmet.   D i e  M i tg l i edschaft  besteh t  aus  den  Nati onalen  Kom i tees  i n  rund  40  Ländern .  

D i e  Zi e l e  der  CI E  s i nd :  
1 .  E i n  i n ternat ionales  Forum  fü r  D i skuss ionen  al l er  Fragen  au f  dem  Gebiet  der  Wissenschaft ,  Techn ik u nd  Kunst  der 

Li ch ttechn ik und  fü r  den  I n formati onsaustausch  au f  d i esen  Gebieten  zwi schen  den  e i n ze l nen  Ländern  zu  se in .  
2 .  G rundnorm en  und  Verfah ren  der  M esstechn ik au f  dem  Gebiet  der  Li ch ttechn ik zu  en twickeln .  
3 .  Ri ch t l i n i en  fü r  d i e  An wendung  von  Pri nzi pi en  un d  Vorgängen  i n  der  En twickl ung  i n ternat i onal er  und  nat i onaler  

Normen  au f  dem  Gebiet  der  Li chttechn ik zu  erste l l en .  
4 .  Normen ,  Beri ch te  u nd  andere  Publ i kati onen  zu  erste l l en  u nd  zu  veröffen t l i chen ,  d i e  al l e  Fragen  au f  dem  Gebiet  der 

Wissenschaft,  Techn ik und  Kunst  der  Li ch ttechn ik betreffen .  
5 .  Li ai son  und  techn ische  Zusammenarbei t  m i t  anderen  i n ternat ionalen  Organ i sati onen  zu  un terhal ten ,  d i e  m i t  Fragen  

der  Wissenschaft,  Techn ik,  Normung  und  Kunst  au f  dem  Gebiet  der  Li ch ttechn ik zu  tun  haben .  

D i e  Arbei t  der  CI E  wi rd  du rch  Techn i sche  Kom i tees  gele i s tet ,  d i e  i n  s i eben  D i vi s ionen  organ i s i ert  s i nd .   D i ese  Arbei t  
betri f ft  Gebiete  m i t  g rund legendem  I nhal t  b i s  zu  al l en  Arten  der  Li ch tanwendung .   D i e  N orm en  und  Techn ischen  Beri ch te,  
d i e  von  d i esen  i n ternat ional  zusamm enge setzten  D i vi s ionen  ausgearbei tet  werden ,  s i nd  au f  der  ganzen  Wel t  anerkann t.  
Al l e  v i er  Jahre  f i ndet  e i ne  Sess ion  s tatt ,  i n  der  d i e  Arbei ten  der  D iv i s i onen  beri ch tet  und  überprü ft  werden ,  sowie  neu e 
P läne  fü r  d i e  Zukun ft  ausgearbei tet  werden .   D i e  CI E  wi rd  a l s  höchste  Au tori tät  fü r  al l e  Aspekte  des  Li ch tes  und  der  
Beleuch tung  angesehen .   Au f  d i ese  Wei se  un terhäl t  s i e  e i ne  bedeu tende  Stel l ung  un ter  den  i n tern at ionalen  
Organ isat i onen .  
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I I  

Th is  Techn ical  Report  has  been  prepared  by CIE  Techn ical  Comm ittee  2 -63  of  D ivis ion  2  
"Physical  Measurement  of  Li gh t  and  Rad iati on ”  and  has  been  approved  by th e  Board  of  
Adm in istrat ion  as  wel l  as  by D ivis ion  2  of  the  Comm ission  I n ternationale  de  l 'Eclai rage  for  
study and  appl ication .  The  document reports  on  curren t  knowledge  and  experience  wi th in  the  
speci f ic  f i e ld  of  l i gh t  and  l i gh ti ng  described,  and  i s  i n tende d  to  be  used  by the  CIE  
membersh ip  and  o ther i n terested  parties .  I t  shou ld  be  noted,  however,  that  the  s tatus  of  th is  
document  i s  advisory and  not  mandatory.   

Ce  rapport  techn ique  a  été  é laboré  par  l e  Com i té  Techn ique  CIE  2 -63  de  l a D i vis ion  2  
"Mesures  Phys iques  de  l a Lum ière  et  des  Rad iations "  et  a  été  approuvé  par l e  Bureau  et  
D ivis ion  2  de  l a  Comm ission  I n ternati onale  de  l 'Eclai rage,  pour étude  et  emplo i .  Le  document 
expose  l es  connaissances  et  l 'expérience  actuel l es  dans  l e  domaine  particu l i er  de  l a  l um ière  
et  de  l 'éclai rage  décri t  i c i .  I l  est  desti né  à être  u t i l i sé  par les  membres  de  l a CIE  et  par tous  
l es  i n téressés.  I l  fau t  cependan t  noter que  ce  document  est  i nd icati f  e t  non  obl igato i re.   

D ieser Techn ische  Berich t  i s t  vom  Techn ischen  Kom i tee  CIE  2 -63  der  D i vis ion  2  
"Physikal ische  Messungen  von  Lich t  und  Strah lung "  ausgearbei tet  und  vom  Vorstand  sowie  
D ivis ion  2  der  Comm ission  I n ternationale  de  l 'Eclai rage  gebi l l i g t  worden .  Das  Dokument  
berich tet  über den  derze i t i gen  Stand  des  Wissens  und  Erfahrung  in  dem  behandel ten  Gebiet 
von  Lich t  und  Beleuchtung ;  es  i st  zu r Verwendung  durch  CIE -Mi tg l i eder  und  durch  andere  
I n teress ierte  bestimmt.  Es  so l l te  j edoch  beach tet  werden ,  dass  das  Dokument e ine  
Empfeh lung  und  keine  Vorschri ft  i s t.   

Any men tion  of  organ ization s  or products  does  not  impl y endorsement  by the  CIE.  Wh i ls t  
every care  has  been  taken  i n  the  compi lation  of  any l i s ts,  up  to  the  t ime  of  goi ng  to  press,  
these  may not  be  comprehensive.   

Tou te  mention  d 'organ isme ou  de  produ i t  n ' impl i que  pas  une  préférence  de  l a CIE .  Malgré  l e  
so in  apporté  à l a  compi lation  de  tous  l es  documents  j usqu 'à l a  m ise  sous  presse,  ce  travai l  ne  
saurai t  être  exhausti f.   

D ie  Erwähnung  von  Organ isati onen  oder Erzeugn issen  bedeutet  keine  B i l l i gung  durch  d ie  
CIE.  Obg le ich  g roße  Sorg fal t  bei  der Erste l l ung  von  Verzeichn issen  bis  zum  Zei tpunkt  der  
Drucklegung  angewendet  wurde,  besteh t  d i e  Mög l i chkei t,  dass  d i ese  n ich t  vo l ls tänd ig  s ind .   
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VI  

OPTICAL MEASUREMENT OF HIGH-POWER LEDS 

Summary 

Measurem ent resu l ts  for l i gh t  em i tt i ng  d i odes  (LEDs)  strong l y depend  on  thei r  therm al  
cond i t i ons.  I n  order to  ach ieve  reproducible  resu l ts  wi t h  smal l  u ncertain ti es  i t  i s  cri t ical  to  
accuratel y set  and  contro l  the  j unction  temperature  of  a n  LED  during  the  t ime  of  optical  
m easurem ent.  Th is  techn ical  report  describes  the  m ethods  and  procedures  for m easurement 
of  h i gh -power LEDs  (H P-LEDs)  under DC  operation  to  acqu i re  photometri c,  rad iometric,  and  
co lorimetric  quan ti t i es  at  a  speci f ied  j unction  temperature.  

 

MESURES OPTIQUES DE DELS HAUTE PUISSANCE  

Résumé 

Les  résu l tats  de  mesures  optiques  de  d iodes  électro lum inescentes  ( LEDs)  dépendent  
fortement  de  l eur envi ronnemen t therm ique.  Pour obten i r  des  résu l tats  reproductibles  avec de  
fai b l es  i n certi tu d es,  i l  est cri ti q u e  d ’ aj u ster et d e  con trôl er préci sém en t l a  tem pératu re  d e  
j onction  de  la  LED  au  cours  de  la  mesure  opti que.  Ce  docum ent techn ique  décri t  l es  
m éth od es  et  l es  procéd u res  d e  m esu res  pou r l ’ acq u i s i ti on  d es  d on n ées  ph otom étri q u es,  
rad iométriques  et  co lorim étriques  de  LEDs  haute  pu issance  (H P-LEDs) ,  en  mode  DC 
(con tinu )  et  à  une  température  de  j onction  spéci fi ée.  

 

OPTISCHE MESSUNGEN AN  HOCHLEISTUNGS-LEDS 

Zusammenfassung  

Messergebn isse  fü r l i ch tem i tt ierende  D ioden  (LEDs)  hängen  stark von  den  techn ischen  
Bed ingungen  ab.  Um  reproduzierbare  Ergebn isse  m i t  geringen  Unsicherhei ten  zu  erhal ten ,  i s t  
es  en tscheidend ,  d ie  Sperrsch ichttem peratu r der LED  während  der Dauer der optischen  
Messung  exakt  festzu legen  und  zu  kontro l l ieren .  D ieser techn ische  Berich t  beschreibt  d ie  
Methoden  und  Prozeduren  fü r d i e  Messung  von  H och le istungs -LEDs  un ter 
G le ichspannungsbetrieb,  um  photometrische,  rad iom etrische  und  farbmetrisch e  Größen  be i  
e iner festge leg ten  Sperrsch ich ttemperatur  zu  erlangen .  
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1  Introduction  

High-power l i gh t  em i tt i ng  d i odes  (H P-LEDs,  see  3. 1 ) ,  m ost  of  wh ich  are  wh i te  HP-LEDs  for 
l i gh ti ng  appl ications ,  are  now wide l y used  i n  al l  types  of  sol i d -state  l i gh ti ng  products.  The  
techn ical  report  CI E  1 27 :2007 (CI E  2007)  has  addressed  man y i ssues  wi th  regard  to  the  
optical  m easurem ent of  LEDs  i n  general ,  bu t  i t  does  not  cover  HP -LEDs.  Optical  
m easurem ent of  H P-LEDs  has  been  d i ff i cu l t  because  they are  h i gh l y sens i ti ve  to  thei r  thermal  
cond i t i ons,  i n  part icu lar,  the i r  j unction  tem peratures  that  vary s i gn i f icantl y wi th  operating  
cond i t i ons .  LED  m anufacturers  comm onl y m easure  HP -LEDs  us ing  a  m i l l i seconds- long  s i ng le  
pu lse  or m icroseconds- long  mu l t i ple  pu lse  train  wi thout  mounting  the  H P-LEDs  on  a heat  s ink,  
and  i t  i s  assumed  that  the  pu lse  i s  short  enough  so  that  the  j unction  tem perature ,  TJ ,  i s  c l ose  
to  the  ambient  tem perature  ( typi cal l y 25  °C)  (CI E  201 7) .  Therefore,  publ i shed  HP-LED  
speci f ications  norm al l y refer to  TJ  =  25 C.  However,  HP-LEDs  i n  l i gh ti ng  appl icati ons  are 
commonl y operated  i n  DC  mode and  at  much  h i gher temperatures  (rang ing  from  TJ  =  50  C to  
over  TJ  =  1 20  C) ,  where  thei r  photometric,  rad iometric,  and  co lorimetric  values  deviate  
s i gn i f icantl y.  To  meet  the  speci f i cations  of  a  l i gh ti ng  product,  H P -LED  users  need  to  know the  
performance  of  an  H P-LED at  a  known ,  hot  cond i t i on .  

To  set  or  mon i tor  the  thermal  cond i t i on  of  a n  H P-LED ,  “case  tem peratu re”,  “p i n  tem peratu re” ,  

“board  tem peratu re” ,  “sol d er-poi n t  tem peratu re” ,  or “h eat s i n k tem peratu re”  i s  often  u sed .  
Such  a thermal  reference  i s  usefu l  to  ensure  that  the  operating  tem perature  of  a n  H P-LED  
does  not  exceed  the  al lowed  maxim um  tem perature  or to  repro duce  the  sam e therm al  
cond i t i on  for a  particu lar  HP-LED.  H owever,  the  reference  i s  not  always  avai lable  and  the  
measurem ent resu l ts  of  d i fferent  HP -LEDs  of  the  sam e type  or the  resu l ts  of  a  d i fferen t  type  
of  HP-LEDs  cannot  be  d i rectl y compared .  Also,  an  accurate  measurement  of  temperature  at  
such  a  reference  po in t  i s  often  d i ff icu l t  because  there  i s  always  an  unknown  thermal  contact  
res istance  between  the  reference  po in t  and  the  temperature  sensor.  Furtherm ore,  the  above  
reference  temperature  terms  are  vendor-speci f i c.  

On  the  other  hand ,  the  performance  of  an  H P-LED  is  s trong l y correlated  to  i ts  j u ncti on  
tem perature,  thus  i t  i s  the  i deal  therm al  reference  for acqu i ri ng  reproducible  m easurem ents  
and  can  be  un i versal l y used  for al l  types  of  HP -LEDs  no  matter h ow d i fferen t  the  LED  
packages  are.  The  j unction  tem perature  of  an  H P-LED can  be  measured.  One  example  of  
such  work ( that  also  deals  wi th  m easuri ng  real  therm al  res istance)  i s  described  i n  (JEDEC 
201 0) ,  (JEDEC 201 2) ,  and  (Keppens  et  al .  201 1 ) .  

The  optical  measurement method  described  i n  th i s  report  i s  s traightforward  (Zong  and  Ohno  
2008) .  I t  uses  the  j uncti on  tem perature  of  an  H P-LED as  the  measurem ent reference  
cond i t i on .  An  H P-LED under test  i s  d i rectl y set  and  contro l led  to  a speci f ied  constant  j unction  
tem perature  and  i s  operated  i n  DC mode,  therefore,  al l  conventional  optical  i ns truments  (such  
as  sphere  photometers,  sphere-spectrorad iom eters ,  gon iophotom eters ,  gon iocolorimeters ,  
and  gon io-spectrorad iometers,  etc. )  des igned  for measurem ent of  trad i t i onal  l i g h t  sources  i n  
the  l i gh ting  i ndustry can  be  used  for measurem ent of  H P-LEDs.  I n  add i t i on ,  the  DC  method  i s  
superior i n  terms  of  m easurem ent  uncertain t ies  (even  though  i t  i s  s low)  compared  to  the  pu lse  
methods  wh ich  also  use  j unction  temperature  as  the  thermal  reference  cond i ti on .  For 
example,  when  a s i ng le  pu lse  method  i s  used ,  the  measurem ent error due  to  the  s i gn i f i cant  
ri se  of  j unction  tem perature  during  a m i l l i seconds - long  s i ng le  pu lse  (see  Annex  B)  m ay be  
l arge,  wh i le  the  DC method  com pletel y e l im inates  such  a measurement error (see  Clause  4) .  
Also ,  when  a  phosphor-converted  wh i te  H P-LED  i s  measured  us ing  a  s i ng le-pu lse  method  or  
a  pu lse- train  m ethod  th e  m easu rem en t error resu l ti n g  from  th e  “col d ”  phosphor  may by l arge.  
Th is  i s  because  u nder such  a pu lse-mode operation ,  the  phosphor temperature  of  an  H P-LED  
is  c l ose  to  i ts  j unction  temperature ,  wh ich  i s  s ign i f i cantl y l ower  (e . g .  tens  of  deg rees  Cels i us)  
(Yan  et  al .  201 1 )  (Hwang  et  al .  201 0)  than  the  real  tem peratu re  of “h ot”  ph osph or wh en  th e  

HP-LED is  operated  i n  DC m ode at  the  same j uncti on  temperature .  Wh i le  when  the  phosphor-
converted  wh i te  H P-LED  i s  measured  us ing  the  DC method ,  the  H P-LED  operates  i n  the  sam e 
way as  i t  does  in  a  typi cal  l i gh ting  product ,  wh ich  completel y e l im inates  the  m easurem ent 
error resu l t i ng  from  the  “col d ”  phosphor.  I n  pri ncipl e,  the  above  two  measurement errors  
associated  wi th  the  pu lse  methods  can  be  anal ysed  and  corrected.  H owever,  such  work i s  not  
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tri vial .  Al ternativel y,  such  m easurement errors  can  be  corrected  by comparing  the  
m easurement  resu l t  obtained  us i ng  the  pu lse  m ethod  wi th  that  obtained  us ing  the  DC  method .  

Th is  report  describes  sett ing  and  operati ng  HP -LEDs  at  a  speci f i ed  j uncti on  temperature,  
various  m easurement  setups,  and  m easurem ent of  photometric  quan ti t i es  ( l um inous  in tens i ty 
and  total  l um inous  f l ux) ,  rad iom etric  quanti t i es  ( rad iant  i n tens i ty and  total  rad ian t  f l ux) ,  and  
co lorimetric  quan ti t i es.  

The  report  aims  to  provide  a gu ide  for optical  measurement  of  H P -LEDs  for cal i bration  and  
testing  laboratories  wi th  emphas is  on  s im pl i ci ty,  excel len t  reproducibi l i ty,  and  smal l  
m easurem ent  uncertain ti es.  

2 Scope 

This  techn ical  report  deals  wi th  methods  used  by cal ibration  and  testing  l aboratories  for  the  
m easurement of  opt ical  quan ti t i es  ( i nclud ing  photom etric,  rad iometric,  and  co lorimetric  
quanti ti es)  of  H P-LEDs,  wi th  focus  on  smal l  uncertai n ties.  The  docum ent covers  m easurem ent  
of  HP-LEDs  under  DC  operation  on l y wi th  the  thermal  cond i ti on  referri ng  to  thei r  j unction  
tem peratures.  I t  does  not  cover those  pu lse  methods  wi th  focus  on  m easurem ent speed  for 
testing  faci l i t i es  that  perform  fast  measurement  of  a  large  number of  LEDs  (e . g .  testi ng  
faci l i t i es  used  i n  LED  producti on  l i nes) .  Such  methods  are  described  i n  the  CIE  Techn ical  
Report  “H igh -Speed  Testi ng  Methods  for LEDs”  (C IE  201 7) .  

Th is  docum ent covers  al l  s i ng le-d iode  H P-LEDs  ( i nclud ing  large-d ie  H P-LEDs  where  the  
j unction  temperature  may be  d i fferen t  across  the  d ie) .  I t  also  covers  m u l ti ple-d iode  H P-LEDs  
(where  mu l t iple  d i odes  are  e lectrical l y connected  in  seri es  or  paral l e l ,  or  both  i n  series  and  
paral l el )  as  l ong  as  the  total  forward  vo l tage  i s  accessible ,  wh ich  i ncl ude  s i ng le-d ie,  mu l ti ple-
d iode  HP-LEDs,  such  as  h i gh -vol tage  LEDs  (H V-LEDs)  where  man y m icro  LEDs  are  
i n tegrated  on to  a  s i ng le  substrate,  and  mu l t i p le-d ie,  mu l t i ple-d iode  H P-LEDs,  such  as  ch ip-on-
board  (COB)  HP-LEDs  where  m u l t iple  LED  d ies  or  surface-mounted  device  (SMD)  LEDs  are  
packaged  on to  a s i ng le  metal -core  pri n ted  ci rcu i t  board  (MCPCB)  or a  ceram ic  board.  I n  the  
case  of  a  l arge-d ie  HP-LED  or mu l t ip le-d iode  H P-LED  the  j unction  temperature  used  as  the  
thermal  reference  i s  the  average  j unction  temperature .  For  phosphor-converted  wh i te  H P-
LEDs  i t  covers  both  the  con tact  phosphor  type  where  phosphor i s  coated  d i rectl y on  the  LED  
d ie  and  the  remote  phosphor  type  where  phosphor i s  therm al l y i nsu lated  from  the  LED  d ie.  

Th is  documen t does  not  cover AC-driven  LEDs ,  organ ic  l i gh t  em i tt i ng  d iodes  (OLEDs) ,  LED  
m odu les ,  LED  l i gh t  eng ines ,  LED  l amps,  and  LED  l um inai res .  Those  LED  products  are  
covered  i n  other CI E  publ ications,  partl y s t i l l  i n  preparati on .  I n  part icu lar:   

  Characteri zation  of  AC-driven  LEDs  i s  described  in  the  report  of  CI E  TC  2-76  
"Characteri zation  of  AC-driven  LED  Products  for SSL Appl ications ",  curren tl y st i l l  i n  
preparation .   

  LED  products  that  comprise  mu l ti ple  d i es  or  p ackages,  and  where  the  forward  vo l tage  i s  
not  accessible ,  are  wi th i n  the  scope  of  the  report  of  CI E  TC  2-50  "Measurement of  the  
Optical  Propert ies  of  LED  Modu les  and  Ligh t  Eng ines " ,  curren tl y s ti l l  i n  preparation .  

  Organ ic  LEDs  (OLEDs)  are  covered  by the  re port  of  C I E  TC  2-68  "Optical  Measurement 
Methods  for OLEDs  used  for Ligh ti ng ",  currentl y st i l l  i n  preparation .  

  The  in ternational  standard  CI E  S  025/E:201 5  deals  wi th  LED  l amps,  LED  l um inai res  and  
LED  m odu les  (CIE  201 5b) .  
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3 Terms and  defin i tions  

For the  purposes  of  th is  docum ent the  term s  and  defi n i t i ons  g i ven  i n  CI E  S  01 7/E:201 1  (CI E  
201 1 a)  and  CIE  S  01 7-SP1 /E:201 5  (CI E  201 5a) ,  and  the  fo l lowing  appl y.  

3.1  
high-power LED  
HP-LED 
LED  package  that  requ i res  a heat  s ink or other m eans  of  thermal  m anagement  for thei r 
norm al  operati on  

Note  1  to  en try:  A h i gh -power LED  i s  typi cal l y  equ ipped  wi th  a  ded icated  cool i ng  su rface  th rough  wh ich  
heat  i s  transferred  du ri ng  n ormal  operati on .  

3.2  
temperature-control led  mount   
TCM  
m ount wi th  cool ing  and/or heating  componen t(s)  and  wi th  m oun ting  ho les,  the  temperatu re  of  
wh ich  i s  set  and  regu lated  by a  tem perature  con tro l ler  

Note  1  to  en try:  A thermoelectri c  cooler/heater i s  o ften  used  i n  a TCM.  For examples  g i ven  i n  th i s  
document,  a  TCM  i s  used  to  con tro l  an  HP-LED’ s  j u n cti on  tem peratu re.  

4 Method  for setting  junction  temperatures of  HP-LEDs 

HP-LEDs are  measured  under DC  power at  a  constant  forward  current  and  a speci f ied  
j unction  temperature.  The  forward  vo l tage  of  a  test  H P-LED  is  f i rs t  determ ined  at  a  g i ven  
j unction  temperature  and  a g i ven  dri ve  curren t .  Then  the  value  of  the  forward  vo l tage  i s  used  
as  the  reference  for  feedback con tro l  of  the  H P-LED  to  be  operated  at  the  g i ven  j unction  
tem perature.  Note  i n  the  case  of  a  mu l t iple -d iode  HP-LED,  the  forward  vo l tage  i s  the  total  
forward  vo l tage.  Th is  m ethod  requ i res  a TCM,  a fast  curren t  source  to  d ri ve  the  test  H P-LED,  
and  a fast  vo l tmeter to  measure  the  H P-LED ’ s  forward  vo l tage,  UF(t) .  The  fo l l owing  
procedures  are  fo l lowed  to  set  and  operate  a test  HP-LED at  a  speci f ied  j unction  tem perature .  

NOTE  1  HP-LEDs  are  operated  wi th  a  l arge  cu rren t,  thus  the  forward  vo l tage ,  UF ,  shou ld  be  measured  
us i ng  the  4-wi re  sensing  (Kelvi n  sensing )  me thod .  The  use  of  4 -wi re  vo l tage  sensing  i s  
especial l y  importan t  when  the  measured  forward  vo l tage  i s  u sed  to  mon i tor the  j uncti on  
temperatu re  of  the  test  HP -LED.  

1 )  Mount  a test  HP-LED on  a TCM  (e. g .  us ing  any carrier substrate  recomm ended  by the  HP -
LED  vendor  such  as  a MCPCB) .  

2)  Set  the  temperature  of  the  TCM ,  TTCM ,  to  be  equal  to  the  speci fi ed  j uncti on  tem perature ,  TJ ,  
enable  the  TCM  and  wai t  a  su ffi cient  amoun t  of  t im e  to  al low for both  the  TCM  and  j unction  
to  fu l l y s tabi l i ze,  typi cal l y 1 –2  m inu tes  depending  on  the  TCM  and  s i ze/mass  of  the  HP -
LED.  I n  real i ty,  once  the  TCM  is  s table,  the  HP -LED is  l i ke l y to  be  stable  as  wel l  (un less  
i t’ s  a  very fast TCM ,  wh i ch  i s  u n l i kel y,  g i ven  th at th e  TCM  i s  d esi g n ed  to  con trol  H P -LEDs) .  
The  thermal  status  of  the  H P-LED  can  be  mon i tored  by m easuring  i ts  forward  vo l tage ,  
UF(t) ,  by appl yi ng  a smal l  mon i tori ng  DC current ,  IM ,  typical l y one  to  a few m i l l i amperes.  An  
example  of  stabi l i zati on  process  of  a  TCM  tem peratu re  and  forward  vo l tage  of  the  attached  
HP-LED  is  shown  i n  F igu re  1 .  

NOTE  2  I f  IM  i s  too  smal l ,  the  cu rren t  source  and/or the  H P -LED i tsel f  may not  be  su ffi ci en tl y  
s table.  I f  IM  i s  too  l arge,  se l f-heati ng  of  the  HP-LED  may not  be  neg l i g i ble.  For a  3 -W  HP-
LED  wi th  a  rated  cu rren t  IF  =  1  000  mA,  forward  vo l tag e  UF  =  3  V  and  assum ing  IM  =  1  mA,  
the  rad ian t  effi ci ency,   e ,  i s  50  %,  and  the  thermal  res i stance ,  Rth ,  f rom  the  j uncti on  to  the  
TCM  i s  1 0  K/W (a  typi cal  value  for an  MCPCB-mounted  HP-LED) ,  the  ri se  of  TJ  due  to  
se l f-heating  i s  a  neg l i g i ble  0 , 01 5  °C.  
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Figure 1  –  Stabi l i zation  plots  of  a  TCM  temperature and  forward  vol tage of  the attached  
HP-LED wi th  a  mon i toring  cu rrent  IM  =  1  mA 

3)  Appl y the  speci f ied  forward  curren t  pu lse  to  the  HP-LED  wi th  i ts  peak cu rrent  value  equal  
to  the  speci f ied  DC  operating  current  and  s tart  measuring  the  H P-LED's  forward  vo l tage ,  
UF(t) ,  imm ediatel y.  

4)  Determ ine  UF(0)  by f i t t ing  and  extrapolat ing  the  UF(t)  heating  curve  to  t =  0 .  Note  the  shape  
of  the  heati ng  curve  depends  on  the  propert ies  of  the  test  HP-LED and  characteris tics  of  
the  measurem ent  too ls  used .  An  exam ple  for a  heati ng  curve  i s  shown  i n  F igure  2 .  The  
m easured  UF(t)  function  typi cal l y cons ists  of  two  parts:  an  e lectrical  on l y trans ien t  and  a 
trans ien t  i nduced  by the  ris i ng  of  the  j unction  tem perature,  TJ(t)  ,  due  to  heating .  UF(0)  
can  be  obtained  us i ng  the  l east -squares-f i tti ng  approach  wi th  a l i near  or  exponen tial  
heati ng  model .  H owever,  the  preferred  f i tt i ng  method  i s  the  square  root  of  t ime  method ,  
wh ich  can  g reatl y reduce  the  f i tt ing  d i ff i cu l ty and  i ncrease  f i tti ng  accuracy.  Assum ing  a 
constan t  heati ng  power at  the  p -n  j unction  of  the  test  H P-LED  at  the  very beg inn ing  when  
the  H P-LED is  tu rned  on ,  the  relationsh ip  between  r ise  of  the  j unction  tem perature,  TJ(t) ,  
and  square-root  of  the  e lapsed  t ime,  t ,  i s  alm ost  l i near as  shown  i n  F i gure  B. 1  (c)  
(Annex  B) .  Thus,  th e  drop of  the  forward  vo l tage,  UF(t) ,  i s  also  l i near i n  t  as  shown  i n  
Figu re  B. 2.  Th is  l i near re lat ionsh ip  i s  used  to  extrapolate  UF(t)  to  UF(0)  from  the  trans ien t  
part  i nduced  on l y by the  ris ing  of  the  j uncti on  temperature.  Detai ls  of  th is  extrapolati on  are  
described  i n  Annex  B.  
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Figure 2  –  Method  to  determine UF(0)  by fi tt ing  and  extrapolation  of  the heating  curve,  

UF(t)  

5)  Repeat  s teps  (3)  and  (4)  above  to  check the  repeatabi l i ty  of  UF(0)  i f  necessary.  

6)  Turn  on  the  H P-LED  in  DC m ode  wi th  the  speci fi ed  operation  current  and  ad just  the  TCM  
temperature  so  that  the  measured  UF( t)  i s  equal  to  UF(0) ,  thus  the  test  H P-LED is  operated  
at  the  speci f ied  j uncti on  tem perature ,  TJ .  Th is  process  i s  shown  i n  F igure  3 .  

NOTE  3  A TCM i s  typi cal l y  s low to  respond  to  power changes .  When  the  test  HP-LED  i s  swi tched  
on  sudden ly wi th  the  fu l l  DC  power i t  may be  operated  at  a  considerabl y  h i gher 
temperatu re  than  the  set  j uncti on  temperatu re  for a  peri od  of  seconds,  typi cal l y.  Th i s  
temporary “h igh - temperatu re”  operation  at the  very beg inn ing  when  the  LED  i s  tu rned  on  

may be  a  concern  i f  the  estimated  i n i t i a l  j unction  temperatu re,  TJ , I n i t ,  i s  h i gher  than  the  
al l owed  maximum  j unction  temperatu re,  TJ , max.  The  i n i t i al  j uncti on  temperatu re  o f  the  HP-
LED,  TJ , I n i t  (=TTCM  +  PH  ·  Rt h ) ,  can  be  estimated  wi th  the  heating  power,  PH  (un i t:  W) ,  and  
thermal  res i stance  from  the  j unction  to  the  TCM,  Rth  (un i t:  K/W) .  To  avoid  a  h i gh  i n i t i al  
j uncti on  temperatu re,  TJ , I n i t ,  the  HP-LED  shou ld  be  tu rned  on  us i ng  a  so -cal l ed  DC-pu lse  
operati on  mode,  by wh ich  the  l evel  o f  the  DC  part  of  the  cu rren t  waveform  i s  ramped  up  
g radual l y  and  the  UF(t)  i s  measured  at  the  peak cu rren t  ( the  rated  DC cu rren t  l evel )  o f  the  
pu l se  wh i l e  the  TCM  i s  cool i ng  down .  The  measured  UF(t)  i s  compared  to  the  previousl y 
determ ined  UF(0)  to  ensure  that  TJ  does  not  go  above  the  speci fi ed  j uncti on  temperatu re  
by ad justi ng  the  ramping -u p  speed.  S im i larl y,  an  HP-LED can  be  tu rned  on  by  ramping  up  
the  du ty cycle  of  the  speci fi ed  DC operating  cu rren t  from  0  %  to  1 00  % wh i l e  UF(t)  i s  
constantl y mon i tored  to  ensu re  that  the  j uncti on  tem peratu re,  TJ ,  i s  be low the  speci fi ed  
j uncti on  temperatu re.  Lastl y,  the  temperatu re  of  the  TCM can  be  l owered  to  the  room  
temperatu re  or the  estimated  temperatu re,  TTCM  (=TJ  −  PH  ·  Rth ) ,  before  the  HP-LED  i s  
swi tched  on  at  i ts  fu l l  power .  

7)  Perform  optical  measurem ents  under the  DC cond i t i on  after the  H P-LED  i s  stabi l i zed .  The  
resu l ts  obtained  are  values  at  the  speci f ied  j u ncti on  temperature,  TJ .  

Rated  current,  IF  

Time,  t  = 0  

UF(0)  at  TJ(0)  

TJ  r i se  i nduced  UF(t)  transien t  
(heati ng  curve)  

Set  the  TCM  tem perature  to  the  
set  TJ  and  let  the  H P-LED  
stabi l i ze  

TJ  moni toring  current,  IM  

TJ  moni toring  vo l tage,  UM (t)  Electrical  swi tch ing  i nduced  UF(t)   
trans ien t  
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Figure 3  –  I l lustration  of  sett ing  and  control l ing  an  HP-LED to  a  speci fied  j unction  
temperature  

NOTE  4  When  a  l arge-d ie  HP-LED  (e. g .  5  mm    5  mm  d ie)  i s  s tabi l i zed ,  the  j uncti on  temperatu re  may 
vary across  the  d i e ;  s im i larly,  when  a  mu l ti ple-d i ode  HP-LED  i s  s tabi l i zed ,  the  j unction  
temperatu re  may vary  depend ing  on  the  l ocati on  of  the  i nd i vi dual  d i ode .  I n  both  cases,  
however,  the  average  j uncti on  temperatu re  i s  s ti l l  the  same  as  the  set  j uncti on  temperatu re  
(Ying ,  Fu  and  Hong  201 5) .   

NOTE  5  The  measurement  errors  i n troduced  by the  variati on  of  j uncti on  temperatu res  are  considered  
neg l i g i ble  because  the  re lat i onsh ip  between  the  smal l  change  of  opti cal  or  e lectri cal  property 
and  that  of  the  j uncti on  temperatu re  i s  typi cal l y  wi th i n  the  l i near range;  therefore,  the  changes  
of  opti cal  or  e l ectri cal  property  resu l ti ng  from  the  variati on  of  j uncti on  temperatu res  are  mostl y 
cancel l ed  when  the  average  j uncti on  i s  kept  the  same .  

The UF(0)  of  an  H P-LED used  for  con tro l l i ng  i ts  j unction  temperatu re  i s  stable  for  a  short  
period  of  t ime,  bu t  i t  may change  i f  i t  has  been  operated  for hundreds  of  hours  and/or i t  has  
been  i n  storage  for a  l ong  t ime  (e . g .  a  year) .  I n  such  a case,  i nstead  of  us ing  a previous l y 
determ ined  UF(0)  for  a  speci f ied  j unction  temperature,  TJ ,  UF(0)  shou ld  be  re-determ ined  
before  the  optical  measurement.  

S ince  the  j uncti on  temperature  of  an  H P-LED  i s  feedback-contro l led  us ing  a TCM,  the  
measurement  resu l t  i s  typical l y ne i ther sens i t i ve  to  i ts  ambient  tem perature  nor dependent  on  
i ts  mounting  orientation .  However,  for  some phosphor -converted  wh i te  H P-LEDs  that  have  a 
h igh  thermal  res is tance  between  thei r  j unction  and  phosphor,  and  remote -phosphor wh i te  HP-
LEDs,  the  optical  ou tpu t  may vary wi th  the  am bient  ai r  temperature  due  to  i ts  i n fl uence  on  the  
phosphor temperature  (Gerloff  e t  al .  201 2) .  Thus,  the  ambient  ai r  temperature  shou ld  always  
be  recorded  and  reported  as  one  of  the  m easurement cond i t ions.  

HP-LEDs  are  comm only measured  at  a  j u ncti on  tem perature,  TJ ,  of  55  C,  85  C,  or 1 1 5  C,  
etc.  I n  pri nciple  an  H P-LED can  be  set  to  any j unction  tem perature  for optical  measuremen t.  
However,  the  lowest  j u ncti on  tem perature  (around  the  typical  room  temperature  of  25  C) ,  i s  
l im i ted  by the  al l owed  lowest  TTCM  (=TJ    PH  ·  Rth)  ( typical l y 1 5  C)  below wh ich  water 

Rated  Curren t,  IF  

Tim e,  t = 0  

Measured  UF(0)  
UF(t)  

Optical  m easurement  
wi th  DC  mode  at  the  set  TJ  Feedback contro l  to  the  set  TJ   
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condensati on  may occur  on  the  TCM  and  even  on  the  MCPCB of  the  H P-LED.  (Note  that  
water condensati on  may not  occur on  the  HP-LED i tsel f  because  i ts  temperature  i s  h i gher  
than  those  of  the  TCM  and  MCPCB. )  Th is  l im i t  on  sett ing  the  j uncti on  temperature  norm al l y 
does  not  cause  a problem  s ince  HP -LEDs  are  typi cal l y operated  and  thus  measured  at  a  
much  h i gher j unction  temperature  than  room  temperatu re.  To  obtain  optical  properties  at  a  
j unction  temperature  below room  temperature,  the  test  H P-LED m ay be  m easured  us ing  a 
pu lse  operation  as  described  i n  (CI E  201 7) ;  al ternati vel y,  an  extrapolati on  approach  may be  
used  based  on  a val i d  model  for  i ts  thermal -optical  characterist ics,  by wh ich  an  H P-LED is  
f i rst  measured  at  several  j unction  temperatures  (e . g .  25  C,  55  C and  85  C)  that  are  h i gher 
than  the  speci f i ed  j uncti on  tem perature,  and  then  the  optical  propert ies  of  the  H P -LED at  a 
speci f ied  j unction  temperature,  are  calcu lated  by extrapo lat i ng  the  resu l ts  measured  at  h i gher 
j unction  temperatures.  Temperature  dependence  of  measured  to tal  l um inous  f lux  and  
correlated  co lour temperature  of  an  H P-LED  and  thei r  th i rd  po l ynom ial  f i tt i ngs  are  shown  in  
Annex C,  F i gure  C.3 .  An  example  of  extrapolat ion  i s  described  i n  (Hu lett  201 5) .   

The  method  described  above  i s  straigh t - forward  for sett i ng  the  j unction  temperature,  wh ich  i s  
based  on  the  determ ination  of  the  forward  vol tage,  UF(0) .  Under certain  ci rcum stances  the  
j unction  temperature  of  an  H P-LED may also  be  set  for  optical  measurement  by f i rs t  
m easuring  the  thermal  res istance  of  an  H P-LED usi ng  an  i nstrum ent designed  for 
characteri zati on  and  m easurement  of  therm al  res istances .  Annex  A describes  such  an  
al ternative  method.  

5 Measurement  setups  

 Optical  bench  

Characteristics  of  a  l i gh t  source,  such  as  l um inous  or rad ian t  i n tens i ty and  co lour are  
general l y ang le-dependent.  Such  quan ti t i es  are  requ i red  to  be  measured  at  a  speci f i ed  
d i rection .  The  l um inous  or rad iant  i n tens i ty of  an  HP-LED  i s  norm al l y requested  and  
m easured  for the  d i rection  perpend icu lar to  i ts  moun ting  base  –  the  f l at  back surface  of  an  un -
m ounted  H P-LED  or the  back of  the  MCPCB board  of  a  mounted  HP-LED.  A setup on  an  
optical  bench  for  such  a  measurem ent  i s  shown  i n  F igure  4.  

Un l ike  l ow-power LEDs,  the  h i gh  f l ux  of  an  H P-LED al l ows  m easurem ent to  be  performed  at  a 
l ong  d istance  for true  l um inous  or rad iant  i n tens i ty.  For th is  reason ,  i t  shou ld  be  noted  that  the  
m easured  photom etric  quan ti ty of  l um inous  i n tensi ty m ust  not  be  m ixed  up wi th  the  quan ti ty 
“Averaged  LED I n tensi ty”  defined  for low-power LEDs  for CIE  Standard  Cond i t ions  A and  B  i n  
CI E1 27:2007 (CI E  2007) .  The  Averaged  LED  I n tens i ty i s  a  test  resu l t  at  def ined  practical  
cond i t i ons  by f i x ing  the  detector s i ze  and  m easurem ent d istance.  I n  con trast,  the  measured  
l um inous  in tens i ty for  an  HP-LED i s  not  restricted  to  a  particu lar measuremen t cond i t ion .  

NOTE  The  reference  po in t  for  the  d i stance  measurement  for determ in i ng  l um inous  or rad ian t 
i n tensi ty  i s  at  the  l i gh t -em i tt i ng  su rface  of  an  HP-LED  (near the  top  of  the  d i e  or  the  top  of  the  
phosphor l ayer for a  phosphor-converted  wh i te  H P-LED) .  When  the  HP-LED  has  an  
encapsu lati ng  l ens,  the  reference  po in t  for  the  d i stance  measurement  i s  at  the  l ocati on  of  the  
image  of  the  l i gh t-em i tt i ng  su rface  as  shown  i n  Fi gu re  4  as  an  example.  The  exact  l ocati on  of  
the  image  can  be  determ ined  us i ng  an  opti cal  i nstrument  such  as  a  m icroscope  or o ther 
opti cal  i nstrument.  Fu rthermore,  i n  order to  obtain  the  true  i n tensi ty,  the  measurement  
d i stance,  d,  from  the  reference  po in t  to  the  apertu re  o f  the  detector must  be  l ong  enough  so  
that  the  apertu re  of  the  detector i s  un i form ly i l l um inated ,  the  uncertai n ty of  the  determ inati on  
of  the  reference  po in t  i s  smal l  compared  to  the  requ i red  overal l  measu rement  uncertain ty for 
i n tensi ty,  and  the  po in t  sou rce  approximation  for the  HP -LED i s  appl i cable.  The  measured  
true  i n tensi ty can  be  veri fi ed  us i ng  the  i nverse -square  l aw on  an  opti cal  bench  or u s i ng  other 
opti cal  methods  (Jacobs  et  al .  201 4) .   
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